Objective: This study aims to analyze factors associated with lymphovascular space invasion (LVSI) and evaluate the prognostic significance of LVSI in Chinese endometrioid endometrial cancer (EEC) patients. Methods: Five-hundred eighty-four EEC patients undergoing surgery in our center from 2006 to 2016 were selected for analysis. Univariate analysis and multivariate logistic regression were used to examine relevant factors of LVSI. To evaluate the prognostic role of LVSI, survival analyses were conducted. In survival analyses, both multivariate Cox regression and propensity score matching were used to control the confounders. Results: The incidence of LVSI was 12.16% (71/584). Diabetes history (p=0.021), lymph node metastasis (p=0.005), deep myometrial invasion (p<0.001) and negative PR expression (p=0.007) were independently associated with LVSI. Both Kaplan-Meier method and univariate Cox regressions showed LVSI negative and positive cases had similar tumorspecific survival (TSS) and disease-free survival (DFS). After adjusting for the influence of adjuvant therapy and other clinicopathological factors with multivariate Cox regressions, LVSI still could not bring additional survival risk to the patients (p=0.280 and p=0.650 for TSS and DFS, respectively). This result was verified by Kaplan-Meier survival analyses after propensity score matching (p=0.234 and p=0.765 for TSS and DFS, respectively). Conclusion: LVSI does not significantly compromise the survival outcome of Chinese EEC patients.
INTRODUCTION
Endometrial cancer is one of the most common malignant gynecological neoplasms in the Western world. According to the estimation of the American Cancer Society, there were 63,230 new endometrial cancer cases and 11,350 deaths in the US last year [1] . In China, the morbidity of endometrial cancer ranks second among all gynecological malignancies Actually, LVSI has long been considered as a potential adverse prognostic factor in endometrial cancer. Researchers found that LVSI positive patients showed a higher rate of lymph node metastasis (LNM), were more likely to have local or distal relapse and usually had shorter overall survival (OS) [5] [6] [7] [8] [9] [10] [11] [12] . The American National Comprehensive Cancer Network (NCCN) guideline, the American College of Obstetricians and Gynecologists/ Society of Gynecologic Oncology (ACOG/SGO) guideline and the European Society for Medical Oncology, the European Society of Gynecological Oncology, the European Society of Radiotherapy and Oncology (ESMO-ESGO-ESTRO) guideline for endometrial cancer all consider LVSI as a risk factor and recommend LVSI positive early stage patients to receive adjuvant therapy after surgery [13] [14] [15] . Nevertheless, in recent years, there are some studies from different countries showing negative results regarding the prognostic role of LVSI [16] [17] [18] [19] [20] . Then will there be a potential benefit of omitting adjuvant treatment in LVSI positive patients without other risk factors? In China, relevant data especially from a large population are still in shortage. Besides, a recent survey among gynecological oncologists revealed that LVSI is still a controversial issue as to doctors' attitude toward it and its clinical management [21] . Taking all these into account, it is necessary to reconsider the significance of this pathological phenomenon in Chinese circumstances.
This study aims to evaluate the relevant clinicopathological factors of LVSI and its survival influence on Chinese endometrioid endometrial cancer (EEC) patients.
MATERIALS AND METHODS

Study population and data collection
All 783 patients diagnosed as endometrial cancer and underwent surgery in Peking University People's Hospital between January 2006 and December 2016 were retrospectively reviewed. We excluded patients treated for recurrent disease (n=13), with a history of other malignancies (n=5), having already received treatment before surgeries (n=21), or only undergoing hysteroscopic examinations (n=83). Patients with non-endometrioid pathological types (n=77) were also excluded. Finally, 584 pathologically confirmed EECs were selected for further analysis.
For all eligible patients, total hysterectomy, bilateral salpingo-oophorectomy, selective bilateral pelvic and para-aortic lymphadenectomy and pelvic washings were performed by gynecological oncologists. Data about each patients' baseline information, pathological results and post-surgery adjuvant therapy use were collected. All pathological information was extracted from the original pathology reports. Pathology slides were reviewed by two independent gynecological pathologists, and controversial cases were submitted to the expert meeting for a final decision. The staging of all cases was based on the 2009 International Federation of Gynecology and Obstetrics (FIGO) staging system [22] . Patients treated before 2009 were restaged according to the clinicopathological information. Histological classification and tumor grade were determined according to the World Health Organization (WHO) classification system and FIGO criteria, respectively [23] . LVSI was defined as the presence of adenocarcinoma, of any extent, in endothelium-lined channels of uterine specimens at the time of surgery [24] . A positive immunohistochemical (IHC) result for estrogen receptor (ER), progesterone receptor (PR) or p53 was defined as over 10% of tumor cells being moderately or strongly stained in one slide, and Ki67 index was determined according to the percentage of positively stained tumor cells. The study was approved by the Institutional Review Boards of Peking University People's Hospital (2016PHB054-01).
Follow-up
All patients were followed up after surgery through outpatient visits or phone calls. The latter was used in those routinely examined in local hospitals, and information gathered included patients' symptoms, serum carbohydrate antigen (CA) 125, CA199, results of pelvic ultrasonography, computed tomography (CT) or magnetic resonance imaging (MRI), etc. Recurrences and deaths of any cause during follow-up were recorded. In telephone follow-up, upon any abnormal findings, the patients were required to take further examinations in our center, and the diagnosis of recurrence was made accordingly. The reasons for termination of follow-up included: deaths due to endometrial cancer or any other reasons; loss of contact; reaching the final follow-up date (July 10, 2017). The median follow-up time for all 584 patients was 53.38 months (ranging from 2.50 to 109.60 months).
Definitions
Tumor-specific survival (TSS) was calculated from the surgery date to when death due to endometrial cancer or related treatment occurred. Disease-free survival (DFS) was defined as the interval from the surgery date to when a relapse of endometrial cancer was confirmed. Patients without a recorded event were censored at their last follow-up in survival analysis.
Statistical analysis
Multiple clinicopathological factors were compared between LVSI negative and LVSI positive patients. Student t-test and χ 2 test were used for comparing continuous and categorical variables, respectively. The tendency of association between grade and LVSI was analyzed using linear-by-linear association. Stepwise logistic regression (method: forward: conditional; entry criteria for variables: p<0.05) was conducted to find factors independently associated with LVSI. To find potential prognostic indicators, Kaplan-Meier survival analyses (log-rank tests) and univariate Cox regressions were performed. To further analyze the survival influence of LVSI, multivariate Cox regression and propensity score matching were used to control confounders. In multivariate Cox regressions, besides LVSI, factors with p<0.05 in univariate analyses were included. For all Cox regression models, the proportional hazard hypothesis was examined with time-dependent covariates. In propensity score matching, independent predictors of LVSI and adjuvant therapy use were matched, with match ratio being 1:1 and caliper width being 0.02. After matching, 2 cohorts with comparable baseline characteristics were established for further survival analyses ( Fig. 1) . Finally, in order to eliminate multicollinearity among variables and select key survival predictors for EEC patients, stepwise Cox regressions were conducted (included variables: factors with p<0.05 in univariate Cox regressions; method: forward: conditional; entry criteria for variables: p<0.05). All statistical analyses were finished using Statistics Package for the Social Sciences (SPSS) software (SPSS version 22.0; IBM Corporation, Armonk, NY, USA). The p-values less than 0.05 were considered statistically significant.
RESULTS
The 584 eligible patients came from 20 provinces of China. Among all of them, 513 (87.84%) were negative for LVSI and 71 (12.16%) were LVSI positive. The mean age of all patients was 55.20. There was no significant age difference between the 2 groups (p=0.200). Body mass index (BMI), gravidity, parity, hypertension history, family history of tumors, and the level of pre-surgery tumor markers were also similar between patients with distinct LVSI status. Diabetes mellitus was more common in LVSI positive patients (p=0.001). Most of the patients were in early stage (FIGO stage I-II, n=521, 89.21%). FIGO stage was significantly higher in LVSI positive group (p<0.001; Table 1 ).
Multiple pathological factors were also analyzed. LVSI positive tumors showed higher grade (p<0.001), larger size (p<0.001) and a different IHC pattern, including negative ER (p=0.031) and PR (p<0.001) expression, positive p53 expression (p=0.021) and higher Ki67 index (p=0.002), indicating worse differentiation and more active proliferation. LNM (p<0.001), deep myometrial invasion (defined as ≥50% myometrium involved, p<0.001) and cervical stromal invasion (p=0.009) were all more common in LVSI positive cases. But there was no statistically significant difference in peritoneal cytology findings (p=1.000) and adnexal involvement (p=0.744; Table 1 ).
All factors showing statistical significance above were included into the multivariate logistic regression. After selecting the variables with stepwise regression, only diabetes history (p=0.021), LNM (p=0.005), deep myometrial invasion (p<0.001) and negative PR expression (p=0.007) were independently associated with the occurrence of LVSI.
Then the survival influence of multiple factors was analyzed. In Kaplan-Meier survival analyses, age ≥65 (p=0.008 and p=0.024 for TSS and DFS), advanced stage (FIGO stage III-IV, p<0.001 for TSS and DFS), high grade (grade 3, p<0.001 for TSS and DFS), large tumor size (≥2 cm in diameter, p=0.001 for TSS, p<0.001 for DFS), positive peritoneal cytology (p<0.001 for TSS and DFS), LNM (p<0.001 for TSS and DFS), deep myometrial invasion (p=0.003 for DFS) and adnexal involvement (p<0.001 for TSS and DFS) all effected patients' survival in varying degrees. Endometrial cancer with negative ER (p<0.001 for TSS and DFS) and PR (p=0.002 and p=0.005 for TSS and DFS, respectively) expression had poorer prognosis. Univariate Cox regressions showed similar results ( Table 2) . However, in both methods, positive LVSI did not compromise the survival outcomes of EEC patients significantly, especially in terms of TSS (in Kaplan-Meier analyses, p=0.786 and p=0.072 for TSS and DFS; in univariate Cox regressions, p=0.786 and p=0.079 for TSS and DFS, respectively) ( Table 2 , Fig. 2A and B The prognostic effect of LVSI was further verified. After adjusting for the effect of adjuvant therapy and other adverse prognostic factors with multivariate Cox regression, LVSI status still could not predict patients' TSS (p=0.280) or DFS (p=0.650) ( Table 2) . Besides, based on two cohorts without significant difference in clinicopathological characteristics after propensity score matching (Table 3) , Kaplan-Meier analyses showed similar survival time in LVSI positive and negative patients (p=0.234 and p=0.765 for TSS and DFS) ( Fig. 2C and D) 
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DISCUSSION
According to literature review of our group, this is the first study analyzing relevant factors and prognostic significance of LVSI in Chinese EEC patients. We found that even though the occurrence of LVSI is accompanied by several adverse prognostic factors, it by itself would not compromise patients' survival (measured by TSS and DFS) significantly. Surprisingly, this finding disagrees with most Western-population-based research results [5] [6] [7] [8] [9] [10] [11] [12] . In addition, according to our models, besides stage, patients' age, tumor grade and peritoneal cytology should also be taken into account when considering the risk of recurrence and shorter survival.
Actually, the phenomenon of LVSI has been recognized in endometrial cancer since nearly 40 years ago [25] . A lot of researches have been performed to demonstrate its clinical significance, especially in recent years. It is now generally agreed that there is a much higher risk of LNM in LVSI positive patients. In our sample, the incidence of LNM in LVSI positive cases was 3.8 times that in LVSI negative ones. Besides, positive lymph node status was also proved to be independently associated with LVSI. These results are consistent with previous large-population-based findings. According to a research based on American National Cancer Database, the presence of LVSI increased the risk of regional LNM by 3 to 16 times in stage T1 patients [8] . Besides, Creasman et al. [9] recently analyzed the data of 5,045 endometrial cancer patients from the Gynecology Oncology Group (GOG) 210 study database with documented LVSI status, and also proved that LVSI was a risk factor for both pelvic and para-aortic LNM.
However, as to the influence of LVSI on recurrence and survival time, there is still controversy in research findings. An early study reviewed 240 patients receiving surgery in MD Anderson Cancer Center in 5 years and demonstrated that LVSI was associated with disease recurrence and shorter OS in grade 1-2, FIGO stage IA patients [10] . Recently, a multicenter study from France got similar results and proved that the prognostic influence of LVSI was independent of lymph node status [11] . Nevertheless, there are still several studies showing results opposite to the mainstream view. Neal and coworkers [16] found, by analyzing cases from Medical University of South Carolina, that after adjusting for other factors, LVSI was not predictive of either shorter recurrence-free survival (RFS) or shorter OS in lymph node negative endometrial cancer patients. Since all these researches were based on retrospective data and had similar sample size, it is hard to get a final conclusion as to the exact role of LVSI in endometrial cancer patients' survival.
In contrast to Western studies, most researches from Asian groups found negative results [17] [18] [19] [20] . Studies from Thailand, Korea and Japan all demonstrated that LVSI did not contribute to disease recurrence [17] [18] [19] . In a recent multicenter study from Turkey, LVSI was not a prognostic factor for OS after recurrence in low risk EEC patients [20] . Since the analysis of our data from Chinese population yielded similar results, we doubt whether 9/12 https://ejgo.org https://doi.org/10.3802/jgo.2020.31.e27 there is a regional difference as to the survival influence of LVSI. Another possible reason for this result is that Chinese doctors tend to give adjuvant therapy more actively in LVSI positive patients, as is shown in our data ( Table 1) , which may balance the negative effects of LVSI. However, after controlling adjuvant therapy use and other adverse prognostic factors with multivariate Cox regression or propensity score matching, LVSI still could not bring additional survival risk to EEC patients. So, it seems that there are still some other factors working here. And if the regional difference does exist, then the risk stratification system proposed by Western researchers may not be truly suitable for Asian populations, and some adjustments may be needed accordingly.
LVSI in endometrioid endometrial cancer
Relevant data from China is quite limited, but several researches published recently supported our findings. Zhu et al. [26] in their paper analyzed 624 Chinese EEC patients with intermediate risk (grade 1-2, myometrial invasion <50%, tumor diameter <2 cm). Interestingly, though LVSI was found to be associated with LNM, all 15 cases with subsequent recurrence in this cohort were negative for LVSI. Another 2 Chinese-patient-based studies concluded that LVSI was not an independent risk factor for ovarian or pulmonary metastases [27, 28] , both of which are usually considered indicators of poorer prognosis. Our data also demonstrated that LVSI does not increase the risk of adnexal involvement. In our sample, however, the rate of positive LVSI was significantly higher in stage IV cases than in those of earlier stages, yet the number of stage IV patients here (6 in total) is too little to be convincing.
Currently, the risk stratification system for endometrial cancer in China are mainly based on evidences from Western studies, and the guidelines of Chinese Medical Association (CMA) and Chinese Society of Clinical Oncology (CSCO) both include LVSI as an indication for post-surgery adjuvant therapy. However according to the findings from our and some other groups, as mentioned above, LVSI was still not a well acknowledged risk factor in Chinese population. Chemo-and (or) radiotherapy given according to LVSI may cause a risk of overtreatment, which brings more adverse effects to the patients and higher economic burdens to the society. Taking our sample as an example, under the criteria of CMA risk stratification system, low risk patients will increase by approximately 4% when excluding LVSI as a risk factor. According to data from National Central Cancer Registry of China, there were 64,000 new endometrial cancer cases in 2014 [2] , then an estimation is 1,600 new cases each year can dispense with adjuvant therapy if LVSI is omitted. With the increase of endometrial cancer incidence in China, the social-economic effects it brings will be greater in future years. In this sense, reevaluating current risk stratification system is necessary both for patient welfare and for more health economic benefits.
One strength of this work is that all surgeries and pathological evaluations were finished by specialists from our center, which grantees the accuracy of all data. Besides, to our knowledge, among all Chinese-patient-based studies, we include the most LVSI positive cases. But there are still some shortcomings. Firstly, the retrospective nature of the study restricts our observation of patients' recurrence and survival status to a certain time period. Prospective studies are needed to observe the survival impact of LVSI in longer terms, and also to better control the interference of confounders, especially adjuvant therapy. Secondly, in this study all data are based on patients from a single center, more data from other centers and more multicenter studies are still needed to fully uncover related features of Chinese patients. Furthermore, Bosse et al. [7] analyzed the data of Post-Operative Radiation Therapy in Endometrial Carcinoma (PORTEC) trials retrospectively and found that substantial LVSI had much stronger prognostic value compared with focal LVSI. Since not all pathology reports described LVSI in such detail, we did not manage to define and discuss different LVSI status (e.g. focal vs. substantial) separately here.
In this study, we preliminarily uncovered the prognostic features of LVSI positive EEC patients in China, and raised our doubt about the value of adjuvant therapy in these patients. But still, more studies are needed to see the whole picture. In the future, prospective cohorts with detailed grouping should be established to set LVSI to a proper place in the risk evaluation system of EEC, and also to further test the effect of different adjuvant therapy strategies on patients with distinct LVSI status. A detailed classification of different degrees of LVSI may be necessary for accurately understanding the role of it. Additionally, in this study we proposed prediction models for EEC patients' recurrence and survival. Some factors in the models, such as age, grade and peritoneal cytology, are currently not included in the FIGO staging system. Peritoneal cytology does not even appear in any risk stratification systems of Chinese or international guidelines. The prognostic value of these factors should be further verified by more studies of larger scales.
